Correctly perceiving the temporal order of events is essential to many tasks. Despite this, the factors constraining our ability to make timing judgments remain largely unspecified. Here we present a new phenomenon demonstrating that perceived timing of visual events may be profoundly impaired by the mere presence of irrelevant events elsewhere in the visual field. Human observers saw two abrupt luminance events presented across a range of onset asynchronies. Temporal order judgment (TOJ) just noticeable differences (JNDs) provided a behavioural index of temporal precision. When target events were presented in isolation or in static distractor environments temporal resolution was very precise (JNDs $20 ms). However, when surrounded by dynamic distractor events, performance deteriorated more than a factor of four. This contextual effect we refer to as Remote Temporal Camouflage (RTC) operates across large spatial and temporal distances and possesses a unique spatial distribution conforming to neither the predictions of attentional capture by transient events, nor by stimulus dependencies associated with other contextual phenomena such as surround suppression, crowding, object-substitution masking or motion-induced blindness. We propose that RTC is a consequence of motion-related masking whereby irrelevant motion signals evoked by dynamic distractors interfere with TOJ-relevant target-related apparent motion. Consistent with this we also show that dynamic visual distractors do not interfere with audio-visual TOJs. Not only is RTC the most spatially extensive contextual effect ever reported, it offers vision science a new technique with which to investigate temporal order performance, free of motionrelated sensory contributions.
Introduction
Compared to auditory and somatosensory systems, the human visual system affords poor temporal resolution (Moore, 2012; Yau et al., 2009 ). Psychophysical thresholds demonstrate an upper perceptual limit of 50 Hz (20 ms per cycle) for the detection of luminance flicker and first order motion (de Lange, 1958; Holcombe, 2009) . For other visual tasks, such as temporal phase discrimination and object tracking, temporal resolution is even worse (4-10 Hz) (Aghdaee & Cavanagh, 2007; Maruya, Holcombe, & Nishisa, 2013) . It has been suggested that these differences may result from the differences in the attentional demands of each set of tasks (Holcombe, 2009) . However, other factors may be involved. For example, it is well known that the mere presence of visual stimuli at spatially remote locations can influence both neural and psychophysical response to local attributes such as luminance, contrast, chromaticity, orientation, spatial configuration and direction of motion (Cass & Alais, 2006b; Kooi et al., 1994; Moore, 2012; Petrov & McKee, 2006; Polat & Sagi, 1993; Saarela & Herzog, 2008; Tadin et al., 2003; Wenderoth & Johnstone, 1988; Yau et al., 2009) . Little is known, however, about the role that long-range contextual information might play in judgments of visual timing.
In our experiments subjects were instructed to perform temporal order judgments (TOJs). Two luminance events were presented across a range of stimulus onset asynchronies (SOAs) on the horizontal meridian 8 degrees left and right of fixation under three contextual conditions: (i) Targets alone: in which target elements were presented without distractor elements; (ii) Static context: whereby targets were each surrounded by ten black or white distractor disks (see Fig. 1a ) whose luminance was constant throughout the trial; and (iii) Dynamic context: where the luminance of a randomly determined number of distractor disks modulated abruptly at a randomly allocated moment P50 ms prior to the first target event and following the second target event (see If judgments of temporal order are unaffected by contextual factors, then we should observe no variation in performance precision across our three contextual conditions. Alternatively, if temporal judgments are subject to contextual constraints similar to those associated with other visual dimensions (e.g. colour, brightness, orientation, direction of motion), then we expect to observe impaired performance precision under dynamic contextual conditions relative to contextual conditions without temporal change (targets alone and static contexts).
General methods

Observers
Six human observers (two females, four males) with ages ranging from 23 to 48 participated in all experiments after giving informed written consent. Four were naïve to the purposes of the experiment and were paid for their participation. The other two were the authors. All had normal or corrected to normal vision. Experiments were approved by the University of Western Sydney's Human Research Ethics committee and were conducted in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans.
Apparatus and stimuli
Stimuli were created using E-Prime running on a desktop PC. Stimuli were presented on an LCD monitor (Viewsonic VX2265wm; 1024 Â 768 pixels, 85 Hz). Viewing distance was approximately 57 cm. In all experiments the screen's background luminance was held constant at 32 cd/m 2 .
Procedure
Each trial began with a single white circular fixation point (diameter = 0.2°, 62 cd/m 2 ) presented at the centre of the screen for one second. Two black target disks (diameter = 1.5°of visual angle, 2 cd/m 2 ) appeared 8°to the left and to the right of fixation.
Three general contextual conditions were used across experiments: targets alone; static and dynamic contexts (Fig. 1 ). In the dynamic context, each target disk was surrounded by a set of ten 'distractor' disks (diameter = 1.5°), each set equidistantly located on an imaginary circle (radius = 3°) centered on each target element. Each distractor disk was randomly assigned to be either black (2 cd/m 2 ) or white (62 cd/m 2 ) at the beginning of each trial. The display then changed a total of 21 times. The initial set of changes involved a randomly determined number of distractor disk(s) (1-5 out of the possible 20) abruptly changing luminance polarity (from black to white or vice versa), with each change separated in time by a randomly determined interval (50, 100 or 150 ms). These changes continued until a randomly determined number of events had occurred (14-17). Subsequently, after 50 ms the luminance of one of the two target disks changed abruptly to white (62 cd/m 2 ), and then, after a randomly determined SOA (À94, À62, À30, À14, 14, 30, 62 or 94 ms) was followed by an equivalent luminance change in the other target. Negative SOAs indicate that the left target changed first, whereas positive SOAs indicate that the right target changed first. Then, 150 ms from the onset of the first target, the remaining (2-5) display changes (21 total changes -(2 target display changes + number of distractor changes prior the target events)) were again distractor changes. Similar to the previous distractor changes, a randomly determined number (1-5) of distractor disk(s) were assigned to potentially undergo an abrupt change in luminance polarity (from black to white or reversed) with each change separated by 50, 100 or 150 ms. In the static contextual condition the luminance of the distractors remained constant before disappearing at the conclusion of the trial. In the targets alone condition, there were no distractors present. Aside from the distractor changes the timing of the static and targets alone conditions were identical to the dynamic condition. Following a key press response, the display became black, and the next trial was initiated after a 300 ms inter-trial time. Each SOA was presented 16 times in each contextual condition (112 trials in total per condition per subject). The subjects' task was to identify whether the left or right target event occurred first, by pressing the Z-key or M-key, respectively.
Results
Temporal resolution was indexed by just noticeable differences (JNDs) for judgments of temporal order. JNDs were obtained by fitting cumulative Gaussian functions separately to each subject's data using a Levenberg-Marquardt maximum likelihood fitting procedure and multiplying the standard deviation of each fit by 0.675. A within-subjects ANOVA on JNDs reveals a significant effect of context F (2,5) = 10.8, p = .003) (see Fig. 2b ). Whilst adding static distractor disks had no effect on thresholds relative to the targets alone condition (two-tailed t-tests; t 5 = 0.393, p = .711), introducing flicker to this context significantly increased thresholds compared to the static condition by more than a factor of four (t 5 = 3.103, p = .027).
Discussion
Experiment 1 showed that visual temporal order judgments can be strongly impaired by the mere presence of abrupt distractor events, which are both spatially and temporally remote with respect to the target events. This contextual effect, which we call Remote Temporal Camouflage (RTC), occurred even though the location of the target events was fixed across trials, and was therefore highly predictable.
Experiment 2
It is well-established that target and flanking elements sharing similar features produce significantly more crowding and masking than those composed of heterogeneous (i.e. dissimilar) feature sets (Abrams & Christ, 2003; Cass, Van der Burg, & Alais, 2011; de Lange, 1958; Holcombe, 2009; Kennedy & Whitaker, 2010; Kooi et al., 1994; Lund, Angelucci, & Solomon, 2001; Remington, Johnston, & Yantis, 1992; Schreij, Owens, & Theeuwes, 2008) . In visual search studies, target elements perceptually ''pop-out'' when composed of features, which are unique with respect to distractor elements located elsewhere in the visual field (e.g. colour or orientation) (Aghdaee & Cavanagh, 2007; Foster & Ward, 1991; Maruya, Holcombe, & Nishisa, 2013; Posner, 1980; Theeuwes, 1992; Theeuwes & Van der Burg, 2007; Treisman & Souther, 1985) .
To examine whether this 'principle of similarity' also holds for our RTC effect, in Experiment 2 we manipulate the featural similarity between target and distractor elements. In the dissimilar featural condition we made the target event a unique colour (black-tored) presented amidst either static or dynamic achromatic distractors (see right panel Fig. 3a ), thereby providing a salient feature with which to perceptually segment the target from its context. The similar featural condition, by contrast, involves purely achromatic target events (black-to-white) embedded within purely achromatic distractor contexts, identical in all respects to the static and dynamic conditions used in Experiment 1 (see left panel Fig. 3a ). If RTC exerts its effects by disrupting observers' ability to segment the targets from their contextual surround, defining each target event by a perceptually salient unique colour cue (dissimilar featural condition) should extinguish the contextual threshold elevation observed under the purely achromatic (similar featural) dynamic conditions in Experiments 1-5.
Method
The experiment was identical to Experiment 1, except for the following changes. In Experiment 2 we manipulated the target-distractor similarity. The target event was either defined by an abrupt change from black to red (dissimilar featural condition; see right panel in Fig. 3a ), or by an abrupt change from black to white, as in Experiment 1 (similar featural condition; left panel in Fig. 3a ). The target element was either surrounded by ten static or ten dynamic achromatic distractor elements, defined by identical spatio-temporal parameters to those used in Experiment 1. Each SOA was presented 16 times per condition in a randomly interleaved sequence.
Results
The results of Experiment 2 are shown in Fig. 3b and c. A within-subjects ANOVA reveals main effects of both contextual flicker (F 1,5 = 20.72, p = .006) and target-distractor similarity (F 1,5 = 10.72, p = .022). The former effect once again confirms that overall, contextual flicker significantly increases JNDs compared to static contextual conditions. The main effect of target-distractor similarity demonstrates that the presence of a unique chromatic target feature embedded within an achromatic context yields lower JNDs overall compared with purely achromatic conditions.
No interaction is observed between the effects of contextual flicker and target-distractor similarity (F 1,5 = 3.93, p = .104). This implies that the performance benefit afforded by chromatic targets is not significantly different under dynamic compared to static contextual conditions.
Despite the absence of a significant interaction, to confirm that RTC is in fact evident in the presence of colour segmentation cues we employed a within-subjects t-test (one-tailed, Bonferonniadjusted) to compare thresholds derived using red targets in (achromatic) static and dynamic distractor contexts. This analysis shows significantly elevated thresholds under dynamic compared to static contextual conditions (t 5 = 2.80, p = .038) indicating that RTC occurs even in the context of strong colour segmentation cues.
To examine whether colour segmentation cues reduce the magnitude of RTC, we ran an additional within-subjects t-test (onetailed Bonferonni-adjusted) comparing thresholds for white and red targets measured under dynamic conditions. Consistent with our main effect of colour, this analysis (t 5 = 2.67, p = .045) indicates that introducing a salient colour segmentation cue reduces thresholds in dynamic distractor contexts.
Discussion
Experiment 2 demonstrates that although introducing a colour segmentation cue significantly impairs TOJ precision, even in the presence of contextual flicker, the mere presence of this flicker is sufficient to significantly elevate thresholds whether a colour segmentation cue is present or not. This latter result suggests that RTC is unlikely to be due to disruption of perceptual segmentation processes of the kind involved in pre-attentive pop-out.
Experiment 3
Another possible explanation for RTC may be related to loss of attentional resolution due to the distracting influence of contextual flicker. Indeed, the mere presence of abrupt luminance change at non-target locations is known to impair visual search efficiency (and to improve it when associated with a target location), a set of phenomena known as attentional capture (Abrams & Christ, 2003; Cass, Van der Burg, & Alais, 2011; Holcombe, 2009; Remington, Johnston, & Yantis, 1992; Schreij, Owens, & Theeuwes, 2008) . It is conceivable, therefore, that remote contextual flicker may impair temporal judgments by compulsorily coopting one's limited attentional resources. To test this possibility, in Experiment 3, we varied the relative locations of target and contextual elements under the assumption that if RTC were due to compulsory allocation of attention to distractor locations, contextual flicker presented in different visual quadrants to those of the target events would be predicted to produce greater threshold elevation than when presented in the same visual quadrants.
Method
Experiment 3 was identical in most respects to Experiment 1, with the following exceptions: (i) The target element was either surrounded by ten static or ten dynamic achromatic distractor elements, defined by identical spatio-temporal parameters to those used in Experiment 1; (ii) Target and distractor elements were either presented in the same or in different visual quadrants. Spatially congruent conditions involved static and dynamic distractor sets concentrically arranged around each target element (Fig. 4a  -right panel) . Spatially incongruent conditions involved static and dynamic distractor sets concentrically arranged around an imaginary point 8°above and below fixation (Fig. 4a, left panel) .
If the deleterious effects of RTC observed in Experiments 1 & 2 are due to attention being drawn away from the targets towards the flickering distractors, performance is predicted to be more impaired in the Spatially incongruent condition (Posner, 1980; Theeuwes & Van der Burg, 2007) .
Results
A within-subjects ANOVA shows a significant interaction between the effects of contextual flicker and target-flanker spatial congruence (F (1,5) = 14.79, p = .012). A two-tailed t-test indicates no significant difference in JNDs under static compared with dynamic contextual conditions when targets and distractors were presented in incongruent visual quadrants (t 5 = 1.73; p = .145) (Fig. 4b) . By contrast, dynamic contexts produced significant threshold elevation compared to static contextual conditions when target and distracting elements were presented in congruent quadrants (t 5 = 4.32; p = .008).
Discussion
Contextual flicker presented in different visual quadrants to those of the target elements failed to produce significant threshold elevation. This suggests that RTC may not be due to dynamic distractors compulsorily 'capturing' observers' limited attentional resources. This is in line with studies showing that attentional capture affects the point of subjective simultaneity (PSS), but not JNDs (Shore, Spence, & Klein, 2001 ; Van der Burg et al., 2008) . Moreover, it suggests that RTC might operate more locally than is observed in classical visual search. Shows the proportion of ''right target first'' responses measured as a function target SOA averaged across subjects under static (circles) and dynamic (diamonds) contextual conditions. White and red filled symbols represent achromatic and chromatic target events respectively. Curves are best-fitting cumulative Gaussians (right panel) measured for each contextual condition. (c) Mean JNDs derived from cumulative Gaussian fits of individual subject data using achromatic (white) and chromatic (red) targets under static and dynamic contextual conditions. Error bars represent between-subject mean standard error. Horizontal dashed line represents average JNDs derived without distractor elements.
Experiment 4
To examine whether RTC is driven by local interactions similar to those associated with other contextual phenomena such as surround suppression and visual crowding (Bouma, 1970; Levi, 2008; Pelli & Tillman, 2008; Petrov & McKee, 2006; Alexander Toet & Levi, 1992) , in Experiment 4 we measured TOJs as a function of visual separation between the targets and distractor disks (3-7°c entre-to-centre separation in steps of 1 degree; see Fig. 5a ). Contextual effects are typically locally constrained, and disappear completely once a critical spatial separation between a target and its context is reached. In the case of visual crowding, this zone of interference corresponds to approximately half the target's eccentricity; so-called Bouma's law ( (Bouma 1970) ; see yellow shaded region in Fig. 5b ).
Methods
The experiment was identical to Experiment 1, except for the following changes. A set of ten dynamic distractors located on an imaginary circle was centered upon each target element. Target-distractor separation was manipulated by varying the radius of each imaginary circle. Five different radii were used: 3°, 4°, 5°, 6°or 7°. Trials containing dynamic distractors were randomly interleaved with a targets alone condition. Each SOA was presented 16 times per condition in a randomly interleaved sequence.
Results
A within-subjects ANOVA shows that although on average, JNDs decreased with increasing target-distrator separation, no significant differences were observed as a function of inter-element separation (F (4,5) = .528, p = .736). Critically, including JNDs derived under the target alone context into this analysis produces a highly significant effect (F (5,5) = 5.46, p = .002), indicating that dynamic distractors produced significant threshold elevation (compared to the targets alone condition) regardless of their spatial separation from target events. A planned contrast comparing JNDs for target alone and our most extensive contextual condition (7°of visual angle) and the targets alone conditions (t 5 = 9.61; p = .027) demonstrates that RTC is not constrained by Bouma's law, which predicts little or no threshold elevation at target-flanker separations greater than 4°of visual angle (see Fig. 5 ).
Discussion
Experiment 4 demonstrated that RTC is evident even when distractor elements are presented at large distances from the target (up to 7°of visual angle). This seems at odds with the idea that RTC is the result of local spatial interactions. Indeed, it vastly exceeds Bouma's law, which defines the maximum spatial of extent of visual crowding. Taken at face value this result appears inconsistent with those of Experiment 3. In that experiment dynamic distractor elements located in distant quadrants of the visual field failed to produce significant threshold elevation. Why might we observe an apparently localized effect in one experiment, but not the other? One implication of increasing target-distractor separation in the manner employed in Experiment 4 is that the eccentricity of distractor elements also varies (compare left and right panels in Fig. 4a) . Indeed, as one increases target-flanker sep- aration, a subset of distractor elements becomes more proximate to fixation, whilst others become more eccentric.
Experiment 5
To equate the eccentricity of the distractor elements at a given target-flanker separation, in Experiment 5 we repositioned the ten distractor elements in a dense cluster close to the horizontal meridian (see Fig. 6a ).
Methods
The experiment was the same as Experiment 1, except for the following changes. TOJ thresholds were measured at twelve different distractor eccentricities, six less eccentric than the target elements (1.8-6.2°; i.e. between the fixation and target), six more eccentric (9.8-13.3°; away from fixation and target). For each set of ten distractors (located left and right of fixation), five were clustered above the horizontal midline and five below (Fig. 6a) . For each cluster of five distractors, one pair were located 1.6°above/ below the midline, another pair 3.2°above/below, and one 4.8°a bove/below. The elements in each of these pairings were horizontally displaced from one another with a centre-to-centre separation of 1.6°. The horizontal location of the single unpaired element within each distractor cluster (i.e. those most distant from the horizontal midline) corresponded to the cluster's horizontal centre of mass. Twelve different distractor eccentricities were used: 1.8°, 2.7°, 3.6°, 4.4°, 5.3°, 6.2°, 9.8°, 10.7°, 11.6°, 12.4°, 13.3°a nd 14.2°. A targets alone condition was randomly interleaved with each dynamic distractor eccentricity. The target disks were presented 200 ms prior to the appearance of the distractor elements to minimize confusion with the distractor disks. Each SOA was presented 16 times per condition in a randomly interleaved sequence.
A targets alone condition was interleaved with the dynamic contextual trials to obtain baseline TOJ estimates.
Results
The results of Experiment 5 are shown in Fig. 6b and c. An ANOVA yielded a significant effect of eccentricity (F 11,5 = 5.63, p < .001) on the magnitude of threshold elevation, with a significant negative linear trend with JNDs decreasing with target eccentricity (F 1,5 = 24.02, p = .004).
To account for the possibility that distractor elements located between target and fixation might produce reduced threshold elevation compared to conditions in which distractors are more distant than the target; as would be predicted by the in-out anisotropies observed during crowding (Bex, Dakin, & Simmers, 2003; Chastain, 1982; Dakin et al., 2010; Petrov & Popple, 2007; Toet & Levi, 1992) and object substitution masking (Jiang & Chun, 2001 ); we split our data into JNDs measured with distractors at eccentricities between targets and fixation with those measured at distractor eccentricities more distant than target events (Fig. 6c) .
Interestingly, whilst we find no main effect of target-flanker separation when collapsed across eccentricity (F 5,5 = 1.50; p = .257), a significant spatial anisotropy is observed whereby distractor elements located between fixation and targets produce significantly greater threshold elevation than do more distant distractors (F 1,5 = 31.21, p = .003) (Fig. 6c) . A significant interaction is also observed between target-flanker separation and target-relative distractor position, such that increasing target-flanker separation improves thresholds when flanking elements are more distant from fixation, but not when closer (F 5,5 = 2.90, p = .034).
Discussion
In addition to demonstrating that the spatial extent of RTC vastly exceeds that predicted by Bouma's law, the significant spatial anisotropy we observe in Experiment 5, distinguishes it from both crowding and object-substitution masking, which exhibit the opposite, so-called in-out anisotropy (i.e. stronger crowding or masking at locations more eccentric than target elements) (Chastain, 1982; Dakin et al., 2010; Jiang & Chun, 2001; Petrov & Popple, 2007; Toet & Levi, 1992) .
If RTC is not caused by known contextual effects, attentional capture or impaired visual segmentation, what causes it? One explanation is that contextual flicker may decrease the temporal resolution informed by target-relevant visual channels. Human vision is believed to be mediated by two (or possibly three) sets of retinotopically localized, temporal frequency-selective channels (Anderson & Burr, 1985; Cass & Alais, 2006a; Cass, Van der Burg, & Alais, 2011; Hess & Snowden, 1992; Kulikowski & Tolhurst, 1973) . According to this channel-based scheme, temporal resolution is determined by the response of the channel sensitive the most transient visual information. It is conceivable, therefore, that the contextual elevations in JND we observe may be the result of some form of contextual suppression of transient visual channels, resulting in more sluggish (i.e. low-pass) target-driven response.
An alternative account relates to temporal phase. According to this view contextual flicker may interfere with subjects' ability to extract information about when in time each target event occurred. A particular class of temporal phase analysis, ubiquitous under natural viewing conditions, is motion perception. Because our experiments all involved monitoring of two target objects displaced across both space and time, any differences in time between the onsets (and/or offsets) of target events may evoke long-range motion-related responses. It is reasonable to suggest, therefore, that RTC may be caused by disruption of directionally specific 
3°). (b) Mean
JNDs derived from individual subjects' cumulative Gaussian fits of data measured at each eccentricity. Blue-filled circles represent eccentricities closer to fixation than the target, and white-filled circles are those distractor eccentricities further from fixation. Vertical grey shaded bar indicates target eccentricity (8°). Horizontal dashed line represents average JNDs derived without distractor elements (targets alone condition), with the height of the grey shaded horizontal bar representing mean between-subject standard error. (c) JNDs averaged across eccentricities closer to and further from fixation than the target elements (blue-filled and white-filled bars respectively). Error bars represent between-subject mean standard error. long-apparent motion mechanisms due to target-irrelevant distractor-related motion.
Experiment 6
To investigate this, in Experiment 6 we replaced one of the target elements with an auditory tone, thereby removing any possibility of visual apparent motion between target elements. Importantly, the visual target appeared on either the right or left side of fixation (determined randomly from trial-to-trial) to preserve the target-related spatial uncertainty employed in the previous (visual only) experiments. If RTC is due to suppression of 'transient' visual channels and unrelated to long-range apparent motion processing, we predict that audio-visual TOJ thresholds will be higher under dynamic compared to static contextual conditions. If, by contrast, RTC operates via the disruption of long-range apparent motion processing (rather than suppression of visual transients) we predict no differences in audio-visual TOJ thresholds under static and dynamic contextual conditions.
Methods
Experiment 6 was identical in all respects to the static and dynamic conditions of Experiment 1 except one of the visual target events (determined randomly from trial-to-trial) was replaced with a 200 ms square-wave modulated 500 Hz tone, presented binaurally through headphones. Subjects were instructed to identify whether the visual or the auditory target appeared first. Each SOA was presented 16 times per condition in a randomly interleaved sequence.
Results
The results of Experiment 6 are shown in Fig. 7b . Consistent with previous studies (Alais & Cass, 2010) , cross-modal JNDs were higher overall than those observed under (targets alone and static contexts) the visual-only conditions used in Experiments 1-5 (mean JND AV = 149 ms vs mean JND vis = 22 ms). Critically, a twotailed t-test demonstrates no difference in cross-modal JNDs derived under static and dynamic visual contextual conditions (t 5 = 0.259, p = .806).
Discussion
Experiment 6 indicates no difference in audio-visual TOJ thresholds under static compared to dynamic visual distractor conditions. The absence of any elevation in audio-visual TOJ thresholds in the presence of contextual flicker suggests that the RTC effects observed in Experiments 1-5 may result from disruption of purely visual processes. Moreover, this disruption is unlikely to be purely temporal in nature, as would otherwise be expected from a process such as transient suppression (high temporal frequency masking (Allison, Smith, & Bonds, 2001; Cass & Alais, 2006a) ) as this would have also been evident under dynamic contextual audio-visual conditions (the visual component of the target stimulus at least). Rather, it seems more parsimonious to suggest that the RTC effects observed in Experiments 1-5 are likely to have involved disruption of visual processes sensitive to the spatio-temporal structure of target events; the obvious candidates being long-range directionselective motion mechanisms. Indeed ''left-first'' and ''right-first'' TOJs could be respectively informed by the responses of large rightward and leftward direction-selective MT-like receptive fields centered on fixation. We propose that the presence of dynamic contextual flicker elicits target-irrelevant responses from long-range direction-selective channels, thereby reducing the signal-to-noise ratio and interfering with direction (and temporal order) discrimination performance.
This interpretation is also consistent with the spatial dependencies of RTC observed in Experiments 3-5, which collectively demonstrate significant threshold elevation in contexts in which dynamic distractor locations interrupt the shortest apparent motion trajectory linking target events.
As noted above, the JNDs observed under static conditions in our audio-visual TOJ experiment were higher than those observed in our visual TOJ tasks. We must be cautious, therefore, in interpreting RTC as a purely visual phenomenon as it is possible that the high base audiovisual thresholds may have swamped (i.e. masked) any effects of RTC. There is, however, reason to suspect that dynamic contextual interference may be modality-specific. Vatakis and Spence (2006), for instance, found that audio-visual temporal order judgment thresholds increase when presented in the context of audio-visual distractors, but not unisensory distractors. Future research is necessary, therefore, to determine the extent to which the RTC effects observed in Experiments 1-5 are specific to the visual modality, and if it is, whether it is due to corrupted long-range apparent motion or more local temporal processing.
General discussion
This study demonstrates for the first time that our precision for making visual TOJs may be severely corrupted by the mere presence of spatially and temporally remote visual clutter. This impairment in TOJ performance occurred despite the distractors remaining unchanged 50 ms prior to and during the target events and target locations being highly predictable throughout and across trials. These results demonstrate a new contextual constraint on humans' ability to sequence temporal events.
Our experiments suggest that RTC is not due to the flickering distractor events compulsorily drawing attention away from the targets (Cass, Van der Burg, & Alais, 2011; Jiang & Chun, 2001; Posner, 1980; Schreij, Owens, & Theeuwes, 2008) nor is it due to degraded spatial segmentation (Kooi et al., 1994) . It also differs in several key respects to other previously reported contextual phenomena including crowding, surround suppression and motion-induced blindness (Bonneh, Cooperman, & Sagi, 2001; Petrov & McKee, 2006; Wallis & Arnold, 2009 ). Not only does RTC operate over a far greater spatial extent than any previously reported contextual phenomenon, it possesses a unique spatial anisotropy whereby distracting elements closer to fixation than the target events produce greater threshold elevation than those which are more eccentric. These dissociations point to RTC being mediated by neural mechanisms distinct from those associated with any previously reported contextual phenomenon.
Studies investigating the relative timing of visual events using spatially displaced targets have long suffered the potential confound of apparent motion driving temporal order performance. Previous studies investigating long-range temporal phase judgments find that temporal acuity depends upon the spatial separation subtended between target elements (Aghdaee & Cavanagh, 2007; Victor & Conte, 2002) . In Aghdaee & Cavanagh's study, temporal acuity (as indexed by the maximum flicker frequency at which temporal phase was discriminable) decreased monotonically up to a critical inter-element separation, at which point performance plateaued (flicker frequency limit $10 Hz greater than 2-5 degrees visual separation). This point of performance saturation, they suggest, implies the spatial limit at which temporal phase analysis is no longer informed by long-range motion signals. Our visual TOJ task employed target elements spatially separated by 16 degrees of visual angle, far more extensive that the supposed limits of motion direction discrimination inferred by Aghdaee & Cavanagh (2007) , but well within the range reported more recently (Maruya, Holcombe, & Nishisa, 2013) . Might the TOJs in our Experiments 1-5 be informed by direction-selective motion mechanisms? The absence of RTC under audio-visual target conditions (Experiment 6) is consistent with this interpretation, as is the unique spatial anisotropy observed in Experiment 5. Distractor items located between each target element (and therefore closer to fixation) would predictably stimulate direction-selective receptive fields encompassing target locations. By contrast, distractor elements more eccentric than the target elements may fall beyond the limits of target-relevant receptive fields, improving signal to noise.
One must be cautious in this interpretation, however, as the comparatively high base audiovisual JNDs observed in Experiment 6 (i.e. static visual context) may have obscured interference effects due to RTC.
Future research is necessary to establish precisely what the nature of any relationship between visual motion processing and RTC might be, if it exists at all. If RTC is in fact the result of compromised motion processing, the elevated thresholds observed here (Experiments 1-5) arguably represent performance effectively free from the contaminants of long-range motion-selective mechanisms. In this respect RTC affords us access to a more 'pure' temporal (TOJ) performance than has been available using previous methods. Future studies investigating purely temporal aspects of visual processing might therefore benefit from using RTC.
Conclusion
Timing of visual events displaced across space and time can be perceived with an acuity of approximately 10-30 ms (JND). Our experiments demonstrate that the mere presence of dynamic visual clutter elsewhere in visual field may interfere profoundly with judgments of visual temporal order. The unique spatial distribution and extent of this effect combined with its unimodal (visual) specificity demonstrate that it is not only novel, but possibly the result of global motion masking resulting from interactions between, or compulsory integration within long-range directionselective units.
